Abstract: Sixteen diverse genotypes of fenugreek (Trigonella foenum-graecum L.) were grown in five (E1 to E5) environments which were created by different date of sowing during the rabi seasons at the Vegetable Farm of CCS HAU, Hisar. (29°15ˈN, 75°69ˈE) during 2012-13. Observations were recorded on ten randomly selected plants from each genotypes in each replications for characters viz. field emergence index, days to 50 % flowering, plant height, number of pods per plant, number of branches per plant, number of seeds per pod, pod length, seed yield (q/ha), test weight, seed germination, seed vigour index-I and II. The estimation of genotypic and phenotypic coefficients (GCV and PCV) variation in all the environments was consistently decreasing with the delaying in sowing date for all the character studied except plant height and test weight indicating that the environmental influence was comparatively more pronounced for these characters in expressing the phenotypic performance of different genotypes. Highest GCV and PCV was estimated as 50.36 % and 55.93 %, respectively for seed vigour index-I in E1. High value of heritability estimated for characters seed yield, seed vigour index-II, seed germination and branches per plant (above 70 %) in E1 revealed that these were less influenced by environment and low heritability estimated for days to 50 % flowering in E2, plant height in E2, seeds per pod in E3, field emergence index in E5 indicated high influence of environment. Based on environmental indices, the environment E2 was most favourable for all the characters studied except field emergence index.
INTRODUCTION
Fenugreek (Trigonella foenum graecum L.) is locally known as Methi or Metha and a member of family Leguminosae (fabaceae), is an important multiuse seed crop of arid and semi arid subtropical regions .It is native to the countries bordering the eastern shores of Mediterranean region, extended to Central Asia. It is a self pollinated crop with chromosome no. 2n=16 (Flayer, 1930) and an annual herb with trifoliate leaves blooms into white flowers tinged with violet margins. The flowers develop into thin long brown pods containing 15-20 seeds. In part of Asia, the young plants are used as potherbs and the seeds as a spice or as herbal medicine (Lust 1986 , Petropoulos 2002 . Fenugreek, perhaps, is best known for the presence of the distinctive, pungent aromatic compounds in seed (Max, 1992 ) that impart flavor, color and aroma to foods, making it a highly desirable supplement for use in culinary applications. The genetic improvement of any crop depends upon the existence of genetic variability, its nature and magnitude as it helps in formulating selection criteria for different traits in a breeding programme. So, the primary consideration is to bring about the genetic improvement in the available germplasm, the estimates of , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org which are frequently subjected to environmental changes (Goswami, 2011 ). Hence, keeping in view, the present study was attempted to find out the magnitude of variability, heritability and genetic advance for different characters in fenugreek under five different environmental conditions.
MATERIALS AND METHODS
The experimental material comprised of 16 genotypes of fenugreek viz. FGK-30, Hisar Sonali, Hisar, Suverna, HM-219, HM-355, HM-273, HM-273-1, HM-291, HM-293-1, Hisar Mukta, HM-348, HM-257, Hisar Manohar, Pusa Early Bunching, Prabha, and Rmt-361.These germplasm were evaluated in randomized block design and plot size was 2.4 x 3.0 m and 8 (3 m long each) rows per plot. Environments studied were created by different date of sowing i.e., 16 th October, 1 st and 16 th November, 2 nd and 17 th December 2012, to judge the variability within the characters. All recommended agronomic practices and plant protection measures were followed timely for successful rising of crop. Randomly ten competitive plants were taken to record the observations for different characters namely field emergence index, days to 50 % flowering, plant height (cm), pods per plant, number of branches per plant, pod length (cm), number of seeds per pod, seed yield (q/ha), test weight, seed germination (%), seed vigour index-I and seed vigour index-II. Seed yield was recorded on the plot basis and further calculated in q/ha. One thousand seeds were counted in each replication of every genotype and weighed for calculating test weight (g). Rolled towel method (BP) was used for seed germination test. Four hundred seeds in four replications of each genotype were taken to record the seed germination. Vigour index-I = Standard germination (%) X Average seedling length (cm) Vigour index-II = Standard germination (%) X Average seedling dry weight (g) These quantitative characters were used to estimate phenotypic and genotypic coefficient of variation, broad sense heritability, genetic advance and genetic advance as percent of mean. The data on each character were subjected to standard statistical analysis of variance for each environment separately (Panse and Sukhatme, 1978) . The phenotypic and genotypic coefficient of variation (PCV, GCV) and expected genetic advance (GA) were calculated following Johnson et al. (1955) . Heritability in broad sense was calculated in accordance with Allard (1960) . Environmental index was calculated by following Finlay and Wilkinson (1963) .
RESULTS AND DISCUSSION
Analysis of variance for each character was done in each environment to know the differences in thegenotypes. Significant difference between genotypes were observed for all the characters namely, days to 50 % flowering, plant height (cm), pods per plant, number of branches per plant, pod length (cm), number of seeds per pod, seed yield (q/ha), test weight, seed germination (%), seed vigour index-I and seed vigour indexIIin all environments except seed germination in E3. It indicates that the genotypic differences are actual and expressed in all the environments. Performance of fenugreek genotypes under different environments: Effect of different environments on various characters of fenugreek genotypes were studied in E3 2.6 7.4 12.5 11.5 3.9 4.9 14.1 6.5 4.7 3.6 6.2 30.6 E4 1.7 5.2 11.0 12.5 4.8 5.0 11.7 8.5 3.6 2.0 6.2 40.5 E5 2.4 5.4 7.9 7.0 5.8 5.3 10.2 7.3 3.7 1.7 5.9 13.5 Table   2 . which formed a basis for rapid cell division in the meristematic tissues of the crop and led to better growth attributes under E2. The E5 experienced sub-optimal temperature regime which retarded their growth compared to crop grown on earlier dates. Halesh et al. (2000) also find the similar results with respect to plant height and branches per plant. Characters like days to 50 % flowering, pod length, seeds per pod, seed germination and field emergence index were found to be consistent in its behavior, both at phenotypic and genotypic level having lowest coefficient of variation. It suggested that these traits were least influenced by the non genetic factors and hence these were quite stable.
Genetic parameters of fenugreek genotypes under different environments:
Effect of different environments on various genetic parameters of fenugreek genotypes were studied in Table 3 . All the characters studied had wide variability which indicated that there is presence of sufficient amount of genetic variability of these traits and can be exploited by breeding procedure for the improvement of these characters. The range of PCV for different traits was observed from 3.00 % (days to 50 % flowering) to 55.93 % (Seed vigour index-II) in E1, in E2 observed PCV ranged from 3.69 % (days to 50 % flowering) to 27.78 % (Seed vigour index-II); in E3 it ranged from 3.28 % (days to 50 % flowering) to 55.82 % (Seed vigour index-II); in E4 PCV range was 3.09 % (days to 50 % flowering) to 48.09 % (Seed vigour index-II) and in E5 it was 3.18 % (days to 50 % flowering) to 21.35 % (Seed Yield). Whereas in case of range of GCV, it was estimated 2.03 % (days to 50 % flowering) to 50.36 % (Seed vigour index-II) in E1, in E2 it was ranged from 2.08 % (days to 50 % flowering) to 18.64 % (Seed vigour index-II); range of GCV in E3 (days to 50 % flowering) was 1.97 % to 46.69 % (Seed vigour index-II); in E4 it was 2.56 % (days to 50 % flowering) to 25.96 % (Seed vigour index-II) and it ranged from 2.04 % (days to 50 % flowering) to 18.73 % (Seed Yield) in E5. The presence of wide range of PCV and GCV revealed that there is large extent of phenotypic and genetic variability. The PCV estimated was, in general higher than that of GCV for all the traits indicating the effect of date of sowing and also the environmental effect on the phenotypic expression of the traits. This implied that the nongenetic causes affect the value of genetic correlation because of the environmental factors. It is also conformity with the earlier findings of Prajapati et al. (2010) and Verma et al. (2012) in fenugreek for many of these traits. The broad sense heritability estimated were classified into three groups i.e., value for heritability estimates having more than 70 for high heritability, 50 to 70 for medium heritability and less than 50 for low heritability. Broad sense heritability estimated was high for branches per plant, pod length, seed germination %, seed vigour index-II in E1; seed yield and test weight in E3; seed yield in E5. While moderate heritability was estimated for plant height, seeds per pod, seed yield, seed vigour index-I in E1; seed germination and Chandra et al. (2000) in fenugreek, Rao et al. (2006) and Biradar et al. (2007) The expected genetic advance would be low when the heritability is mainly due to non additive gene effect, but the genetic advance would be high when the heritability is due to additive gene effect (Panse, 1957) . High heritability and high genetic advance are crucial for the improvement of any character. High estimates of genetic advance as percent of mean was observed for the characters , plant height in E3, branches per pod in E1, seed yield in E1, seed vigour index-II in E1and E3, whereas lower values were estimated in days to 50 % flowering and field emergence index in almost all environments. The traits exhibiting high heritability coupled with high genetic advance can be improved by direct selection. Low heritability coupled with low genetic advance and low GCV suggested presence of non-additive gene action and high GXE interaction. Verma et al. (2012) reported higher genetic advance for number of pods per plant, number of seeds, test weight and seed yield in fenugreek.
Grading of environments:
The environment can be graded based upon the overall mean performance of the genotype studied (Finlay and Wilkinson 1963) . Thus, an environmental index (which is the difference between the mean of characters at the environment created in question and the grand mean) has been calculated for all the characters and all the environments. It is observed that suitable environment in the present case, was different for different characters (Table 3) . For branches per plant, pods per plant, pod length, Seeds per pod, seed germination and seed vigour index I E2 was most favourable; for days to 50 % flowering E1, for plant height E4 and for test weight E3were found to be favourable one. These indexes were utilized to estimate the linearity and the deviation from the linearity component of response of individual genotypes representing their performance with respect to different quantitative characters over the test environments. So, the best environment tested was E2 followed by E1 and E3. Similar views were also reported by Kole and Shah (2013) with respect to different environmental conditions.
Conclusion
On the basis of above findings, it can be concluded that estimates of various genetic parameter were more or less same in E1 and E2 for many characters viz., seed germination, seed vigour index-I and II, branches per plant and seeds per pod. This indicated that E1 and E2 exerted almost similar environmental effects on the genetic expression of the characters, which was supported by almost similar environmental indexes of E1 and E2 for different characters. The significant impact on growth and yield attributes was found maximum in E2 and should be considered for yield improvement programme in fenugreek.
